F rontotemporal dementia (FTD) is a primary degenerative dementia with severe atrophy in the frontal and anterior temporal lobes. The current classification, as suggested by Hodges and Miller, categorises FTD as a general clinical label with three major subtypes. 1 The most common subtype in clinical practice is frontal variant FTD (fvFTD), where the core symptoms are progressive changes in personality and behaviour with emotional and motivational blunting, and impairment in personal and social conduct. The other major subtypes are semantic dementia and progressive non-fluent aphasia, which present with a progressive disturbance in the expression of language. As a rule in FTD, memory loss is mild in the early stages, and patients are often oriented in their local environment. To facilitate an early and accurate diagnosis of FTD, a consensus report on the core clinical features of FTD was published in 1994. 2 This report was revised in 1998 and an updated term, frontotemporal lobar dementia, was suggested. 3 The Work Group on Frontotemporal Dementia and Pick's disease also published clinical criteria for the diagnosis of frontotemporal dementia in 2001. 4 Several other disorders present with frontotemporal symptoms, such as frontal lobe tumours, alcohol associated dementia, Huntington's disease, and Creutzfeldt-Jakob disease. Frontal lobe symptoms may also be found in other dementia disorders, such as Alzheimer's disease (AD) and vascular dementia (VAD).
Interest in FTD has grown during the past decade, after it was found that hereditary FTD is associated with mutations in the tau gene. 5 Furthermore, recent findings suggest that it may be more common than previously regarded. 6 A frontal lobe syndrome (FLS) may be even more common as it often accompanies dementia disorders such as AD and VAD. Neuropathological studies of dementia have suggested that 10% of demented subjects suffer from FTD, 7 8 while a recent clinical study reported a prevalence of 3.2% among patients evaluated at a memory clinic. 9 Most previous studies on the prevalence of FTD are based on data from the health care system. 10 11 The two population studies published 12 13 included only cases of FTD who also fulfilled criteria for dementia according to DSM-III-R or short-CARE, but dementia as defined by DSM-III-R or similar criteria is not a requirement for the diagnosis of FTD in current criteria. FTD cases not fulfilling criteria for dementia may therefore have been missed in those latter studies. The reported prevalence of FTD is low, 0.015% before age 65 10 11 and 0-0.6% above age 65. 12 13 No population study has reported on the prevalence of FLS or FTD by applying FTD criteria directly on unselected populations, and studies in very old individuals are lacking.
We aimed to study the prevalence of the FLS and fvFTD using the Lund-Manchester research criteria (LMRC) 2 in a representative sample of 85 year olds in Gothenburg, Sweden. [14] [15] [16] [17] [18] The data in this epidemiological study include a wide range of psychiatric, neurological, and other variables, including the core diagnostic features of the LMRC. We were therefore able to design a symptom algorithm based on the LMRC, even though the data were collected before the LMRC were published. However, symptoms of language disturbances were not included in the algorithm, as these symptoms are unspecific in this age group and may be caused by a number of different disorders, including dementia and stroke. Furthermore, symptoms of language disturbance do not distinguish FTD from Alzheimer's disease (AD), as language disturbances are also common in AD. 19 Finally, although progressive aphasia and semantic dementia are part of the FTD spectrum, the frontal variant accounts for the great majority of cases, 6 and behavioural symptoms may occur in the other variants. 4 Our study thus focuses on the frontal variant FTD, as described by Hodges and Miller, 1 and is the first study to apply the LMRC directly on a representative population, living in the community.
SUBJECTS AND METHODS

Subjects
In 1986-87, all 85 year olds born between 1 July 1901 and 30 June 1902, registered for census purposes in Gothenburg, were invited to take part in a health survey; half of those were systematically selected for a psychiatric examination. A total of 494 individuals (response rate 63%) agreed to participate in the neuropsychiatric examination (n = 494; 143 men, 351 women). Both people living in the community and those in institutions were included. This sample has been described in detail previously, and was found to be representative for the 85 year olds in Gothenburg with regard to sex, marital status, psychiatric registration, three year mortality rate, and institutionalisation. 16 The mean age at the neuropsychiatric examination was 85 years 5 months (range 85 years 3 months to 86 years 1 month).
The Ethics Committee for Medical Research at Gothenburg University approved the study. Informed consent was obtained from the subjects, the nearest relatives, or both.
Methods
The neuropsychiatric examination was semistructured and performed by a trained psychiatrist in the subject's home or at institutions, and included ratings of symptoms and signs common in dementia and tests of mental functioning. 16 Psychiatric symptoms and signs were rated with the Comprehensive Psychopathological Rating Scale. 20 A semistructured telephone interview with a close informant was performed by the psychiatrist for 451 individuals (91%) and included questions on cognitive, emotional, and behavioural symptoms, and about age at onset and course of these symptoms. Among those who did not have a key informant interview, one was demented and 42 were non-demented. Only those who had both a psychiatric examination and a key informant interview were included in this paper (n = 451; 131 men, 320 women). There were no significant differences between those with and without a key informant interview regarding relevant symptoms in the psychiatric examination. The data were collected blindly to any diagnostic aspects.
Diagnostic procedures
The Lund-Manchester research criteria (LMRC) 2 include three frontotemporal dementia symptom constellations: (1) behavioural symptoms, (2) affective symptoms, and (3) speech disorder. The onset has to be insidious and the course invariably progressive. The criteria do not describe in detail the required severity of the symptoms, or how many symptoms or symptom constellations have to be present for a diagnosis. We therefore constructed an algorithm for the identification of FLS based on the core symptoms of FTD from the LMRC noted during the psychiatric examination and the close informant interview. The symptoms were selected to avoid misclassification with other disorders. Therefore, symptoms of language disturbance were not included, as language disturbance does not separate AD from FTD. 19 For a symptom to be classified as present it had to lead to significant disturbance. The symptoms were grouped into four clusters: (1) behavioural signs typical for FTD from the neuropsychiatric examination, (2) behavioural symptoms typical for FTD from the informant interview, (3) affective symptoms typical for FTD from the neuropsychiatric examination, and (4) affective symptoms typical for FTD from the informant interview. The individual symptoms selected in the different symptom constellations were based on the description in the LMRC, and are shown in table 1. Figure 1 presents the algorithm for the identification of FLS. An individual had to have a minimum number of symptoms in both the neuropsychiatric examination and the informant interview, and always a minimum number of behavioural symptoms. Thus if an individual had two or more behavioural symptoms in the neuropsychiatric examination, he or she had to have at least three behavioural symptoms in the informant interview in order to be classified as having FLS. If there were less than two behavioural symptoms in the neuropsychiatric examination, it was required that at least two affective symptoms in the neuropsychiatric examination should be present and at least three behavioural symptoms in the informant interview. If an individual had two (or more) behavioural symptoms in the neuropsychiatric examination, but fewer than three behavioural symptoms in the informant interview, at least three affective symptoms had to be present in the informant interview for a classification of FLS (fig 1) . Frontal variant frontotemporal dementia was diagnosed in subjects with FLS who presented with only frontal lobe symptoms or with behavioural symptoms that clearly preceded (by two years or more) memory loss or other cognitive signs, such as agnosia or dyspraxia. The diagnosis of fvFTD could not be applied in the presence of early onset of memory problems, early spatial disorientation, early apraxia, vascular dementia, chronic alcoholism, and schizophrenia (exclusion criteria shown in fig 2) .
The diagnosis of dementia was based on the neuropsychiatric examination and the close informant interview using the criteria of the Diagnostic and Statistical Manual of Mental Disorders, third edition-revised (DSM-III-R). 21 The interobserver reliability for symptoms and signs and regarding causes of dementia has been reported previously and was found to be satisfactory. 16 Individuals with dementia were classified into aetiological subgroups: Alzheimer's disease according to the criteria of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) 22 ; and vascular dementia and dementia due to other causes as proposed by Erkinjuntti and colleagues. 23 The aetiological diagnoses were based on all available information as described previously.
Dementia according to DSM-III-R was not a requirement for a diagnosis of FLS or fvFTD. The diagnoses of FLS and fvFTD were done blindly to diagnoses of dementia according to the DSM-III-R.
Computed tomography (CT) of the brain All demented (n = 145) and a systematic subsample of 269 non-demented individuals were invited to undergo CT scanning of the head. Of these, 103 demented (71.0%; 28 men, 75 women) and 135 non-demented individuals (50.2%; 46 men, 89 women) underwent the examination. As previously described, 24 there were no significant differences between participants and non-participants within the demented and nondemented groups, with regard to any of the parameters studied (sex, marital status, registration as a psychiatric outpatient or inpatient, mental disorders, institutionalisation, three year mortality rate, history of focal neurological symptoms and signs, cardiovascular disorders, hypertension, or mean systolic and diastolic blood pressure).
All CT scans were performed without contrast enhancement and with 10 mm continuous slices on a Philips Tomoscan 310 or on a General Electric 8800. Two experienced radiologists, who were blind to the results of the neuropsychiatric examination, examined the CT scans. The occipital, parietal, frontal, and temporal lobes were categorised using a three point scale (normal, mild and moderate, or severe) according to the estimated extent of brain atrophy. 25 Figure 1 shows the selection procedure for FLS. The prevalence of FLS was 19% (n = 86), with no difference between men and women (table 2) . Of those with FLS, 75 (87%) were diagnosed with other types of dementia according to the DSM-III-R criteria (see table 3 ). Dementia according to the DSM-III-R was diagnosed in 145 (32.2%) individuals; thus 52% (n = 75) of the demented fulfilled criteria for FLS, compared to 3.6% (n = 11) among the non-demented.
RESULTS
Prevalence of FLS
Among the 11 individuals who fulfilled criteria for FLS, but not for dementia according to DSM-III-R, nine were classified as fvFTD, one had early onset of apraxia, and one had a stroke at age 81 with a change in personal conduct and aphasia. These two latter cases were therefore not diagnosed as fvFTD. Figure 2 shows the selection of cases for fvFTD. The prevalence of fvFTD was 3.1% (n = 14; table 2). Of those with fvFTD, 64% group.bmj.com on January 20, 2018 -Published by http://jnnp.bmj.com/ Downloaded from (n = 9) did not fulfil criteria for dementia according to DSM-III-R, and five had previously been classified as AD.
Prevalence of fvFTD
Frontal atrophy on computerised tomography CT scan was performed in 238 individuals, including 53 cases of FLS and six cases of fvFTD. Among those with FLS, 92.5% (n = 49) had moderate to severe frontal atrophy, compared to 48.6% (n = 90) of those without FLS. All six cases with fvFTD had moderate to severe frontal atrophy.
Among those with moderate to severe frontal atrophy (n = 139), 49 (35.3%) had FLS. Only four (2.9%) among those without moderate to severe frontal atrophy had FLS.
DISCUSSION
Our study is the first to estimate the prevalence of the FLS and fvFTD in a very old population sample. We found that 3% in this population of 85 year olds were classified as having fvFTD according to the LMRC. Previous studies have reported much lower rates. A study in the Netherlands, based on referrals to specialist clinics or nursing homes, reported a prevalence of 0.003% in the age group 60-70 years. 26 Two recent English studies reported a prevalence of 0.015% in the age group below 65 years, one based on patients referred to specialist clinics, 11 the other based on patients from general practice physicians and other health care professionals and institutions. 10 Studies based on patient samples might heavily underestimate the prevalence of FTD.
Two population studies have so far reported on the prevalence of FTD in individuals above age 65. A study from Japan found no cases of FTD, 12 and a study from Islington, UK, reported a prevalence of 0.6%. 13 However, the Japanese study included only individuals who had dementia according to DSM-III-R in the screening process, and the Islington study used short-CARE to screen for dementia. In our study, nine of 14 fvFTD cases did not fulfil criteria for dementia, and would have been missed with such an approach, thus underestimating the prevalence of FTD. If the same proportion of FTD cases were non-demented in the Islington study as in our study, the prevalence of FTD in Islington would be around 2%.
It is generally reported that FTD occurs mainly among individuals in the age group 50-70 years. 27 28 Our finding that 3% of 85 year olds had fvFTD suggests that fvFTD may be more common in the very elderly than previously supposed. It is possible that some of those are wrongly diagnosed as having other forms of dementia or different psychiatric conditions. 29 30 The prevalence of FLS (19%) was much higher than that of FTD. One reason for this high prevalence is the high prevalence of dementia in this age group. FLS was found in 50% of those with AD and in 49% of those with VAD. These findings are in line with previous reports. 31 32 Among all 85 year olds with dementia or fvFTD, 9% received a diagnosis of fvFTD, which is similar to previous reports from dementia clinics. 33 Few studies have examined the relation between frontal atrophy on structural brain imaging and frontal symptoms. Patients with FTD do not always show frontal atrophy on brain imaging in clinical series. 29 34 We found that 93% of those with FLS, and all cases with fvFTD, had moderate to severe frontal atrophy, which supports the value of our diagnostic algorithm. However, moderate to severe frontal atrophy was also found in 49% of those without FLS, showing that frontal atrophy is not specific for FLS, but can be seen in many conditions, including normal ageing and AD. Among those with moderate to severe frontal atrophy, only 35% had FLS, supporting the notion from others that frontal atrophy is not always related to frontal symptoms. 35 These findings may also reflect the strict criteria for FLS in our study. We found that only 3% of individuals without frontal atrophy were classified as FLS according to our symptom algorithm, supporting the validity of this approach. Some limitations of the study have to be considered. First, our criteria were rather strict, requiring a large number of symptoms to be present for a diagnosis. This was done as we wanted to avoid overinclusion of cases, but we might therefore have missed some cases of FLS and fvFTD. This may be one reason why only a minority of those with moderate to severe frontal atrophy on CT had FLS. Second, symptoms of language disturbance were not included. This might also lead to underdiagnosis. The reason for not using language disturbance in the diagnosis is that these symptoms are unspecific and do not adequately separate AD from FTD. 19 Instead, we emphasised behavioural symptoms typical for FLS in the diagnosis. Third, response rate was 63%. It is possible that persons with FLS declined to participate more often than other 85 year olds because of their behavioural symptoms. However, responders and non-responders were similar regarding a number of studied background factors. On the other hand, we excluded 43 subjects without a key informant interview. Almost all of those were non-demented, which might have overestimated the frequency of FLS in our population. Fourth, we used CT to evaluate frontal atrophy, whereas MRI would now be the preferred imaging investigation in patients with suspected FTD. Fifth, other examinations, such as single photon emission computed tomography (SPECT) and electroencephalography (EEG), were not available. The sensitivity of a hypofrontal perfusion pattern using CBF-SPECT is probably high, but the specificity rather low for FTD, 36 and the use of EEG alone is most probably unspecific. 37 Hence, it is not obvious that SPECT and EEG would have provided additional diagnostic information. Sixth, we could not confirm our diagnoses at postmortem examination as neuropathological investigations were not available, which is the case in most population studies. However, it has been suggested that a reliable diagnosis of FTD is possible on the basis of clinical symptoms and signs. 28 We can, as in other studies relying on clinical examinations, not exclude the possibility that some of our FTD cases might have had the frontal variant of AD. This diagnosis is supposed to be rare 38 and can only be obtained at postmortem examination. Seventh, mild frontal lobe features have been suggested to be common in the elderly population as a reflection of a normal age associated cognitive decline. 39 40 However, the FLS diagnosed in this study is more advanced than what is expected as a normal age related change.
Finally, the data were collected seven years before the LMRC were published. This was possible as the epidemiological studies in Gothenburg include a wide range of psychiatric, neurological, and other variables, including the core diagnostic features of the LMRC. Although it is possible that the same patients had not been diagnosed if we had used a prospective or contemporary design, it is more likely that additional cases of FLS and FTD would have been diagnosed with a prospective design due to the severity demanded by the algorithm for a diagnosis. The possibility of circularity in the diagnosis was minimised, as the variables in the LMRC were collected blindly to any diagnostic aspects, and as the diagnoses of FLS and FTD were done blindly to diagnoses of dementia according to the DSM-III-R.
We found that FLS was common among 85 year olds, especially among those with dementia disorders. The prevalence of fvFTD was 3%, which is considerably higher than expected in this age group. Our study also shows that a majority of those with fvFTD according to the LMRC do not fulfil DSM-III-R criteria for dementia.
